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An intranasal compsn. comprising (a) a physiologically active 
polypeptide component and (b) a hygroscopic and hardly water sol. base 
component. Polypeptides have a molecular wt. of 1,000-300,000, e.g 
peptide hormones such as calcitonin, insulin, lutenizing 
hormone-releasing hormone; physiological active proteins such as 
interferon, interleukin, transferrin, hemagglutinin Vll-factor; enzyme 
proteins such as lysozyme, urokinase; vaccine components such as 
pertussis vaccine, diphtheria vaccine, influenza vaccine. 

USE/ADVANTAGE - Active component (a) (such as calcitonin or 
insulin) is effectively absorbed from a nasal mucosa. 
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Claims 



1. Nasal administration powdered composition, characterized 
by comprising a polypeptide having physiological activity and a 
water-absorbing and slightly water-soluble base material. 

2. The nasal administration powdered composition of Claim 1, 
wherein the base material is a water-absorbing and slightly 
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water-soluble cellulose, starch, protein, crosslinked vinyl 
polymer, or gum. 

3. The nasal administration powdered composition of Claim 1, 
wherein the base material is a water-absorbing and slightly 
water-soluble cellulose. 

4. The nasal administration powdered composition of Claim 3, 
wherein the water-absorbing and slightly water-soluble cellulose w 

l^C^is crystalline cellulose, a-cellulose, or crosslinked sodium ^ 
carboxymethylcellulose. C.W 

5. The nasal administration powdered composition of Claim 3, 
wherein the water-absorbing and slightly water-soluble cellulose 
is crystalline cellulose. ^Lj 

6. The nasal administration powdered composition of Claim 1, 
wherein the base material is a water-absorbing and slightly 
water-soluble crosslinked vinyl polymer. 

7. The nasal administration powdered composition of Claim 6, 
wherein the water-absorbing and slightly water-soluble 
crosslinked vinyl polymer is crosslinked polyvinylpyrrolidone or 
a crosslinked carboxyvinyl polymer. 

8. The nasal administration powdered composition of Claims 

1-7, wherein the water-absorbing and slightly water-soluble base 

r material is used with a water-absorbing and very water-soluble 
base material . 

9. The nasal administration powdered composition of Claim 8, 
wherein the water-absorbing and very water-soluble base material 
is a cellulose lower alkyl ether or polyacrylate . 

10. The nasal administration powdered composition of Claim 
8, wherein the water-absorbing and very water-soluble base 
material is hydroxypropylcellulose . ' 
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11. The nasal administration powdered composition of Claims 
1-10, wherein the physiological-activity-possessing polypeptide 

is a polypeptide having a molecular weight of 1,000-300,000. 57,(0 0^ 

12. The nasal administration powdered composition of 
Claims 1-11, wherein the physiological-activity-possessing ' 
polypeptide is a water-soluble polypeptide. 

13. The nasal administration powdered composition of 
Claims 1-12, wherein the physiological-activity-possessing 
polypeptide is a polypeptide powder. 

14. The nasal administration powdered composition of 
Claims 1-13, wherein the physiological-activity-possessing 
polypeptide is a polypeptide, that is water-soluble, a powder, 
and not f reeze-dried. 

15. The nasal administration powdered composition of 
Claims 1-14, wherein the physiological-activity-possessing 
polypeptide is a peptide hormone, physiologically active protein, 
enzyme protein, or vaccine. 

16. The nasal administration powdered composition of 
Claims 1-15, wherein the physiological-activity-possessing 
polypeptide is a peptide hormone. 

17. The nasal administration powdered composition of Claim 
16, wherein the peptide hormone is calcitonin, insulin, 
luteinizing hormone-releasing factor desmopressin, vasopressin, 

' or oxytocin. 

18. The nasal administration powdered composition of 
Claims 1-17, wherein the physiological-activity-possessing 
polypeptide is a vaccine. 

19. The nasal administration powdered composition of Claim 
18, wherein the vaccine is influenza vaccine or pertussis 
vaccine . 



20. The nasal administration powdered composition of 
Claims 1-19, wherein the physiological-activity-possessing 
polypeptide is a physiologically active protein. 

21. The nasal administration powdered composition of Claim 
20, wherein the physiologically active protein is interferon. 

22. The nasal administration powdered composition of 
Claims 1-21, wherein 90 wt% or more of powder the particles have 
an effective particle size of 10-250 microns. ^\ - §3 p / — 7 ^flsT- 

Detailed explanation of the invention 

Industrial application field 

This invention pertains to a nasal administration powdered 
polypeptide composition. In particular, it pertains to a nasal 
administration polypeptide composition that is a powdered 
composition comprising a physiological-activity-possessing 
polypeptide such as calcitonin, insulin, etc., and a 
water-absorbing and slightly water-soluble base material that 
effectively is absorbed from the nasal mucous membrane when it ii 
administered by spraying inside the nasal cavity. 

Prior art 

Peptide hormones such as insulin, calcitonin, etc., have 
large molecular weights and are liable to be decomposed by 
protease enzymes such as pepsin, trypsin, and chymotrypsin . 
Consequently, they are difficult to be absorbed by oral 
administration and to exhibit their pharmacological effects 



effectively. Therefore, they have been administered by injection 
to date. 

However, there is the problem of pain in the case of 
injection, so other means of administration have been attempted. 

For example, there is a rectal administration procedure [J. 
Pharm. Pharmacol., 33334 (1981)) that uses suppositories 
containing salicylic acid derivatives such as sodium salicylate, 
sodium 3-methoxysalicylate, 5-methoxysalicylic acid, etc., as an 
absorption promoter. In addition, there are also intratracheal 
administration (Diabetes, 20552 (1971)), instillation 
administration (Abstracts, Annual Meeting of Japanese Diabetes 
Research Association, 237 (1974)), etc. 

However, all of these methods have difficulties such as the 
requirement of a dose higher than that of injection and 
absorption that is liable to fluctuate; consequently, they are 
not greatly used in practice to date. 

On the other hand, as an attempt for intranasal 
administration, there is an example of the nasal administration 
of an acidic aqueous solution of insulin prepared using a 
surfactant such as sodium glycolate as an absorption promoter 
(Diabetes, 27296 (1978)). 

In this method, the formulation used is a liquid; 
consequently, the liquid formulation is liable to flow from the 
nasal cavity. Furthermore, the use of a surfactant implies that 
the administration method is not necessarily safe. 
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Furthermore, as a nasal administration powdered formulation, 
U.S. Patent No. 4,294,829 discloses a formulation comprising a 
cellulose lower alkyl ether and a drug. This formulation is 
characterized by the cellulose lower alkyl ether that absorbs 
moisture on the nasal mucous membrane becoming a viscous liquid 
that flows along the nasal mucous membrane, gradually releasing 
the drug contained in the formulation. In such a formulation, a 
drug having a large molecular weight is trapped in the cellulose 
lower alkyl ether, becoming a viscous liquid inside the nasal 
cavity, and it is liable to become difficult to release the drug. 
Therefore, this formulation needs further improvement in the case 
of using high-molecular-weight drugs such as insulin, calcitonin, 
etc . 

Objective of the invention 



The objective of the invention is to provide a nasal 
administration powdered composition. 

Another objective of this invention is to provide a nasal 
administration powdered composition for polypeptides having 
physiological activity. 

Another objective of this invention is to provide a nasal 
administration powdered composition enabling polypeptides having 
physiological activity to be efficiently absorbed through the 
nasal mucous membrane without using any absorption promoter. 
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Another objective of this invention is to provide a nasal 
administration powdered composition enabling polypeptides such as 
insulin, calcitonin, etc., to be efficiently absorbed through the 
nasal mucous membrane without using any absorption promoter. 

Another objective of this invention is to provide a nasal 
administration powdered composition enabling polypeptides having 
physiological activity to be efficiently absorbed through the 
nasal mucous membrane without using any absorption promoter and 
having slow-release effects. 



Another objective of this invention is to provide a nasal 
administration powdered composition having a particle size 
suitable for efficient administration inside the nasal cavity 
when it is sprayed. 

Other objectives and advantages of this invention will 
become apparent from the following description. 

Configuration of the invention and action 

According to this invention, these objectives and advantages 
can be accomplished by a nasal administration powdered 
composition comprising a polypeptide having physiological 
activity and a water-absorbing and slightly water-soluble base 
material . 



The drugs usable in this invention are polypeptides having 
physiological activity. Those polypeptides having a molecular 
weight of 1,000 to 300,000 are preferable because they are easily 



absorbed through the nasal mucous membrane. The molecular weight 
is preferably 1,000 to 150,000. Preferable specific examples of 
such polypeptides having physiological activity are peptide 
hormones such as insulin, angiotensin, vasopressin, desmopressin, 
ferripressin, protirelin, luteinizing hormone-releasing factor, 
corticotropin, prolactin, somatropin, thyrotropin, luteinizing 
hormone, calcitonin, kallikrein, parathyrin, glucagon, oxytocin, 
gastrin, secretin, serum gonadotropin, growth hormone, 
erythropoietin, angiotensin [sic], urogastrone, renin, etc.; 
physiologically active proteins such as interferon, interleukin, 
transferrin, histaglobulin, macrocortin, hemagglutinin factor 
VII, etc.; enzyme proteins such as lysozyme, urokinase, etc.; 
vaccines and components such as pertussis vaccine, diphtheria 
vaccine, influenza vaccine, lymphocytosis promoting factor, 
fibrous erythroagglutinin factor, etc. Among these, the use of 
peptide hormones is especially preferable; among these peptide 
hormones, the use of calcitonin, insulin, luteinizing hormone- 
releasing factor, desmopressin, vasopressin, or oxytocin is 
preferable. Furthermore, the use of calcitonin or insulin is 
optimal . 



Furthermore, in the nasal administration composition of this 
invention, the physiologically active polypeptide is preferably 
in its powder form. In addition, considering absorption through 
the nasal mucous membrane, the physiologically active polypeptide 
is preferably water-soluble. Water-soluble means that it is 
soluble in an aqueous solution on the nasal mucous membrane or an 
environment that is similar to it, that is, at a pH of about 7.4 
and temperature of about 36-37°C. 



If a polypeptide showing no water-solubility or only slight 
water-solubility, it is dissolved in water by, for example, 

adjusting the pH and is subsequently freeze-dried to obtain a 
water-soluble powder. 

If a polypeptide to be used is not in its powder form, it is 
preferably freeze-dried before using. 

It is possible to use a polypeptide without any 
freeze-drying if it is in its powder form and is water-soluble. 
Because of no freeze-drying, it is possible to formulate this 
using a simple method advantageously in this case. 

To stabilize the polypeptide used, it is possible to use 
human serum albumin, mannitol, sorbitol, aminoacetic acid, amino 
acids, sodium chloride, phospholipids, etc., simultaneously as a 
stabilizer, as well as a bulking agent. 

In the nasal administration composition of this invention, a 
water-absorbing and slightly water-soluble base material is used. 
In this case, the water-absorbing and slightly water-soluble 
properties act on the nasal mucous membrane or an environment 
similar to it, that is, at a pH of about 7.4 and a temperature of 
about 3 6-37°C. 

Because of the use of a water-absorbing and slightly 
water-soluble base material, the composition of this invention 
absorbs water on the nasal mucous membrane first when it is 
applied inside the nasal cavity; as a result, the particles of 
the composition are converted to a viscous fluid that is suitably 



distributed without flowing and remain on sites on the nasal 
mucous membrane where the particles were first applied, allowing 
its content, that is, the high-molecular-weight polypeptide, to 
come into close contact with the nasal mucous membrane and 
enabling the polypeptide to show a high degree of absorption. In 
this invention, such a base material is selected for the nasal 
administration composition; as a result, the polypeptide is 
sufficiently absorbed to the extent of exhibiting its 
pharmacological effect satisfactorily without using any 
absorption promoter. 

The water-absorbing and slightly water-soluble base material 
of this invention has to be distinguished from a cellulose lower 
alkyl ether, that is, a cellulose lower alkyl ether such as 
hydroxypropylcellulose, etc., which becomes a viscous liquid on 
the nasal mucous membrane. Specific examples of the 
water-absorbing and slightly water-soluble base material of this 
invention are as follows. 

There are, for example, water-absorbing and slightly 
water-soluble types of cellulose such as crystalline cellulose, 
a-cellulose, crosslinked sodium carboxymethylcellulose, etc.; 
water-absorbing and slightly water-soluble starches such as 
hydroxypropyl starch, carboxymethyl starch, crosslinked starch, 
amylose, amylopectin, pectin, etc.; water-absorbing and slightly 
water-soluble proteins such as gelatin, casein, sodium casein, 
etc.; water-absorbing and slightly water-soluble gums such as gum 
arable, tragacanth gum, glucomannan, etc.; and crosslinked vinyl 
polymers such as crosslinked polyacrylic acid and its salts, 
crosslinked poly (vinyl alcohol) , poly (hydroxye thy 1 methacrylate) , 
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etc. Among these examples, the use of water-absorbing and 
slightly water-soluble cellulose materials is preferable, and the 
use of crystalline cellulose is optimal. 

The amount of such a water-absorbing and slightly 
water-soluble base material to be used differs depending on the 
kind of polypeptide used, etc., and it cannot be defined 
universally; however, in general, the amount by weight is the 
same as that of the polypeptide used or higher, particularly 15 
times or higher, and preferably 20 times or higher. 

In the composition of this invention, the water-absorbing 
and slightly water-soluble base material may be used together 
with a water-absorbing and very water-soluble base material. As a 
result of using a water-absorbing and very water-soluble base 
material concomitantly, the following effects are generated 
because of the improved solubility of the combined base material 
with the water-absorbing and slightly water-soluble base 
material. Specifically, when the composition is applied inside 
the nasal cavity, those particles comprising the water-absorbing 
and slightly water-soluble base material are dispersed; at the 
same time, the water-absorbing and very water-soluble base 
material is dissolved forming a viscous liquid, providing these 
particles with slight fluidity and viscosity, enabling the 
polypeptide to be absorbed gradually and thus promoting a 
so-called slow-release effect. 

The water-absorbing and very water-soluble base material may 
be used by simply mixing with the water-absorbing and slightly 
water-soluble base material or, when the polypeptide is 
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f reeze-dried, it may be added before carrying out f reeze-drying . 
In the case of f reeze-drying with the polypeptide, the 
polypeptide is prepared in the state of being dispersed in 
particles of the water-absorbing and very water-soluble base 
material; the final composition prepared shows an excellent 
slow-releasing property. 

As a water-absorbing and very water-soluble base material 
usable in this case, there are, for example, polyacrylates such 
as sodium polyacrylate , potassium polyacrylate , ammonium 
polyacrylate, etc.; cellulose lower alkyl ethers such as 
hydroxyethylcellulose , hydroxypropylcellulose , sodium 
carboxymethylcellulose, etc; polyethylene glycol 

polyvinylpyrrolidone; amylose; Pullulan, etc. Among these, sodium 
polyacrylate, methylcellulose, hydroxypropylcellulose, sodium 
carboxymethylcellulose, polyethylene glycol, and 
polyvinylpyrrolidone are preferable, and the use of 
hydroxypropylcellulose is optimal. The amount of such a 
water-absorbing and very water-soluble base material is of 0.1-60 
wt%, especially 1-50 wt%, based on the amount of the 
water-absorbing and slightly water-soluble base material. 

In the powdered composition of this invention, the effective 
particle size of 90 wt% or more of its particles is preferably 
10-250 microns. As a result of such a particle size distribution, 
the composition is widely spread on the mucous membrane when it 
is administered inside the nasal cavity enabling particles to 
remain on the initially applied sites; at the same time, when the 
composition is administered inside the nasal cavity by spraying 
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through a nostril as a powder, the administration into the nasal 
cavity can be carried out efficiently. 

If there are more than 10 wt% of particles having an 
effective particle size below 10 microns, the administration 
method such as spraying causes the composition to reach the lungs 
or a large portion to escape outside the nostril where the 
composition is sprayed. At the same time, the drug concentration 
cannot be maintained high at those sites where the particles have 
adhered. On the other hand, if there are more than 10 wt% of 
particles having an effective particle size over 250 microns, the 
particle are easily released from the nasal mucous membrane after 
the composition is administered into the nasal cavity, shortening 
the site-residing time of the drug, so it is not desirable. 
Optimally, 90 wt% or more of particles have an effective the 
particle size of 20-150 microns. 

In the composition of this invention, the water-absorbing 
and slightly water-soluble base material and peptide may form 
separate independent particles, and the polypeptide may be 
adhered on the surface of the water-absorbing and slightly 
water-soluble base. Furthermore, the polypeptide may be dispersed 
as a distinguishable phase within the particles of the 
water-absorbing and slightly water-soluble base material, or 
alternatively the polypeptide may be densely dispersed in a good 
dispersed state inside the particles of the water-absorbing and 
slightly water-soluble base material. 

The composition of this invention with a water-absorbing and 
slightly water-soluble base material and polypeptide forming 
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independent particles or polypeptide adhered on the surface of 
particles of a water-absorbing and slightly water-soluble base 
material can be prepared by adding a polypeptide to a 
water-absorbing and slightly water-soluble base material, mixing 
them mechanically, carrying out sieving of the mixture and 
obtaining a composition wherein 90 wt% or more of its particles 
have an effective particle size of 10-250 microns. 

If a water-absorbing and very water-soluble base material is 
to be concomitantly used, the above mechanical mixing of the 
water-absorbing and slightly water-soluble base material and 
polypeptide is carried out with the water-absorbing and very 
water-soluble base material. 

If the polypeptide is dispersed inside particles of a 
water-absorbing and slightly water-soluble base material as a 
distinguishable phase or densely in a good dispersed state, the 
composition of this invention is prepared as follows. A 
water-absorbing and slightly water-soluble base material is 
mechanically mixed with a polypeptide; subsequently, the mixture 
is compressed by pressing, then the compressed product obtained, 
is pulverized and sieved to obtain a composition wherein 90 wt% 
or more of its particles have an effective particle size of 
10-250 microns. Alternatively, a water-absorbing and slightly 
water-soluble base material and polypeptide are kneaded well by 
adding water, the kneaded mixture is dried by a conventional 
method, or it is f reeze-dried, and the dried mixture is sieved. 

If a water-absorbing and very water-soluble base material is 
to be used concomitantly, the above mechanical mixing of the 
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water-absorbing and slightly water-soluble base material and 
polypeptide is carried out with a water-absorbing and very water- 
soluble base material added, then the mixture is subjected to the 
compression step as described above. Alternatively, a 
water-absorbing and very water-soluble base material may be added 
during the step for kneading the water-absorbing and slightly 
water-soluble base material and polypeptide with water added. 

On the other hand, it is also possible, as described above, 
to add a water-absorbing and very water-soluble base material to 
a polypeptide before carrying out f reeze-drying; after 
f reeze-drying, the water-absorbing and very water-soluble base 
material and polypeptide are mixed with a water-absorbing and 
slightly water-soluble base material to obtain the composition of 
this invention. 

The powdered composition of this invention may also contain, 
if necessary a known coloring agent, preservative, antiseptic, 
flavor, etc., for the purpose of improving the physical 
properties, appearance, smell, etc., as a formulation. As a 
coloring agent, there are, for example, copper chlorophyll, 
p-carotene, Red No. 2, Blue No. 1, etc.; as a preservative, there 
are, for example, stearic acid, ascorbic stearate, ascorbic acid, 
etc.; as an antiseptic, there are, for example, para-oxybenzoate, 
phenol, chlorobutanol, etc.; and as a flavor, there are, for 
example, menthol, citrus flavor, etc. 

The composition of this invention may be made into a 
powdered formulation in the unit administration form as it is. 



Such a powdered formulation may be placed in a capsule or 
hard gelatin capsule as a preferable form for administration. 

As a method for spraying this powdered formulation inside 
the nasal cavity, for example, a capsule filled with the powdered 
formulation is set on a proprietary spraying tool equipped with a 
needle that is subsequently allowed to penetrate through the 
capsule to form small holes at the top and bottom of the capsule; 
subsequently, the powdered formulation inside the capsule is 
allowed to jet out using a rubber bulb, etc., and blowing air 
into the capsule. 

This invention is explained specifically in detail using 
application examples as follows, but it is not necessarily 
limited to these examples. 

Application Example 1 

(i) The nasal administration powdered composition of this 
invention was prepared as follows. 

(a) To insulin, a 0.1 N aqueous solution of HC1 was added; 
subsequently, pure water was added for dissolution, the solution 
was freeze-dried to obtain a water-soluble insulin powder (25.5 
units/mg) , and 400 mg of the powder and 3 600 mg of crystalline 
cellulose were subsequently mixed thoroughly in a mixer to obtain 
a uniform powdered composition comprising particles, 90 wt% or 
more of which had a particle size of 75-149 microns. The powdered 
composition prepared as described above has an insulin activity 
of 2.55 units/mg. 
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(b) To an insulin aqueous solution prepared by dissolving 10 
mg (25.5 units/mg) of insulin in 0.2 mL of 0 . IN hydrochloric acid 
and adding 200 mL of water, 40 mg of Carbopol 934 were added and 
dissolved. To this solution prepared, about 30 mL of a 0.01N 
aqueous solution of sodium hydroxide were added; after adjusting 
to pH 7.4, the solution was freeze-dried to obtain a neutral and 
homogeneous powdered composition (1) of insulin and Carbopol 934 
having an insulin activity of 5.1 units/mg. 

Subsequently, 50 mg of the powdered composition (I) and 50 
mg of crystalline cellulose were mixed well in a mortar to obtain 
a uniform powdered composition (II), 90 wt% or more of the 
particles of which had a particle size of 75-149 microns. The 
powdered composition (II) prepared as described was found to have 
an insulin activity of 2.55 units/mg. 

(c) The insulin-containing powdered compositions shown in 
(a) and (b) were placed in capsules to obtain human nasal 
administration formulations. 

(ii) The following compositions were prepared to compare with the 
composition of this invention. 

(d) In a mixer, 700 mg of a water-soluble insulin powder 
(25.5 units/mg), prepared by dissolving insulin and carrying out 
freeze-drying of the solution, and 6300 mg of lactose were mixed 
thoroughly to obtain a uniform powdered composition, 9 0 wt% or 
more of the particles of which had a particle size of 75-149 
microns. The insulin activity of the powdered composition 
prepared was found to be 2.55 units/mg. 
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(e) In a mixer, 400 mg of a water-soluble insulin powder 
(25.5 units/mg), prepared by dissolving insulin and carrying out 
freeze-drying of the solution, and 3600 mg of 

hydroxypropylcellulose were mixed thoroughly to obtain a uniform 
powdered composition, 90 wt% or more of the particles of which 
had a particle size of 75-149 microns. The insulin activity of 
the powdered composition prepared was found to be 2.55 units/mg. 

Application Example 2 

(Nasal administration experiments for insulin powdered 
formulations by using dogs) 

In the nasal cavity of male beagles (body weight of 9.4-12.6 
kg) anesthetized by the intravenous injection 25 mg/Kg of 
Nembutal injection solution (containing 50 mg/mL of sodium 
pentobarbital), the insulin powdered formulations prepared in 
Application Example 1 (a), (b) , (d) , and (e) were respectively 
administered in the amount of 3 units /kg. The insulin powdered 
formulation administration was carried out by inserting a 
polyethylene tube (about 2 mm diameter) into a nostril at a depth 
of about 3 cm, spraying by feeding air from a double bulb, and 
the blood was sampled over time from the front leg vein. The 
glucose concentration in the plasma was measured by a method 
using ortho-toluidine (Clinical Chemistry, 8215 (1962)). Figure 1 
shows the results of changes in the plasma glucose concentration 
using the blood-sugar-level effective (sic; hypoglycemia) 
rate (%) . Incidentally, the results shown in Figure 1 are mean 
values for 4 beagles. For comparison, insulin stock powder was 
suspended in water; a micropipette was used to carry out the 
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nasal administration of 5 units/10 uL/kg, and the plasma glucose 
concentration changes were examined. The results obtained are 
shown in Figure 1 with the broken line. 

In Figure 1, (1) shows the results with crystalline 
cellulose used as a base material ( (a) in Application Example 
[1]), (2)' shows the results obtained with the freeze-dried 
product of insulin and sodium polyacrylate with crystalline 
cellulose ((b) in Application Example 1), (3) shows the results 
obtained with lactose as a base material ( (d) in Application 
Example 1), and (4) shows the results obtained with 
hydroxypropylcellulose ((e) in Application Example 1). 

As is apparent from the results shown in Figure 1, the 
absorption of insulin was excellent in the composition prepared 
using crystalline cellulose; furthermore, the composition 
prepared using crystalline cellulose as well as sodium 
polyacrylate showed both an excellent insulin absorption and 
slow-releasing effects. 

Application Example 3 

(i) A water-soluble insulin powder (26.3 units/mg) was 
prepared by dissolving 100 mg of insulin in 1 mL of 0.1N 
hydrochloric acid and adding 40 mL of water to obtain an insulin 
solution, which was subsequently freeze-dried. The insulin powder 
prepared was used to obtain the following samples of the 
composition of this invention. 



(a) In a mortar, 20 mg of the water-soluble insulin powder 
(26.3 units/mg) and 140 mg of crystalline cellulose were 
thoroughly mixed to obtain a uniform powdered composition. The 
insulin activity of the powdered composition prepared as 
described above was found to be about 3.3 units/mg. 

(ii) The following compositions used to compare with the 
composition of this invention were prepared using the insulin 
powder prepared as described above. 

(b) In a mortar, 15 mg of the water-soluble insulin powder 
(26.3 units/mg) and 105 mg of lactose were thoroughly mixed to 
obtain a uniform powdered composition. The insulin activity of 
the powdered composition prepared as described above was found t 
be about 3.3 units/mg. 

(c) In a mortar, 20 mg of the water-soluble insulin powder 
(26.3 units/mg) and 140 mg of hydroxypropylcellulose were 
thoroughly mixed to obtain a uniform powdered composition. The 
insulin activity of the powdered composition prepared as 
described above was found to be about 3.3 units/mg. 

Application Example 4 

(Nasal administration experiment for insulin powdered 
-formulations using domestic rabbits) 

In the nasal cavity of male white indigenous domestic 
rabbits (body weight of 3.0-3.5 kg), the insulin powdered 
formulations prepared in Application Example 3 (a) -(c) were 
administered in the amount of 10 units/head; the blood samples 



were collected from the ear vein of the rabbits 10 min, 20 min, 
30 min, and 60 min after drug administration and before drug 
administration. Incidentally, the powdered formulation 
administration was carried out in a slightly anesthetized state 
or normal state y using a nasal sprayer modified for animal 
application. The insulin concentration in the serum was 
determined by carrying out a radioimmunoassay. The results 
obtained are shown in Figure 2. The results shown in Figure 2 are 
mean values for 3 heads of domestic rabbits. Incidentally, for 
comparison, insulin stock powder was suspended in water, and the 
nasal administration of 10 units/50 uL/head was carried out using 
a micropipette. The results obtained are also shown in Figure 2 
by the broken line. 



In Figure 2, (1) shows the results obtained using 
crystalline cellulose as a base material ( (a) in Application 
Example 2), (2) shows the results obtained using lactose as a 
base material ((b) in application Example 3), and (3) shows the 
results obtained using hydroxypropylcellulose as a base material 
((c) in Application Example 3). 

As is apparent from the results shown in Figure 1 [sic] , the 
composition of this invention showed a high degree of insulin 
absorption. 



Application Example 5 



A homogeneous powdered composition was prepared by 
thoroughly mixing 2000 mg of crystalline cellulose and 0.5 mg of 
freeze-dried (ASU1.7)-eel calcitonin (4,000 MRC units/mg) in a 



mixer. The powdered composition prepared as described above wa 
found to contain about 1 MRC unit/mg of (ASU1.7)-eel calcitoni 
A human nasal administration formulation was prepared by filli: 
capsules with 10-50 mg each of the composition using a capsule 
filler. 



Incidentally, the following (a) and (b) show examples of the 
calcitonin composition of this invention for animal experiments. 

(a) To 200 mg of crystalline cellulose in a mortar, 0 . 3 mg 
of freeze-dried (ASU1.7)-eel calcitonin (4,000 MRC units /mg) was 
added and mixed thoroughly to obtain a uniform powder mixture. 
The powdered composition prepared was found to contain 5.99 MRC 
units/mg of (ASU1.7)-eel calcitonin. 



(b) To 100 mg of crystalline cellulose in a mortar, 0 . 3 mg 
of freeze-dried salmon calcitonin (2,000 MRC units/mg) was added 
and mixed thoroughly to obtain a uniform powder mixture. The 
powdered composition prepared was found to contain 5.98 MRC 
units/mg of salmon calcitonin. 



Application Example 6 

(Nasal administration experiment for calcitonin powdered 
formulations using domestic rabbits) 

In the nasal cavity of male white indigenous domestic 
rabbits (body weight of 2.5-3.0 kg), the calcitonin powdered 
formulations prepared in Application Example 5 (a) and (b) were 
administered in the amount of 6 MRC units /kg; blood samples were 
collected from the ear vein of the rabbits 1 h, 2 h, 4 h, and 6 h 
after drug administration and before drug administration. The 



powdered formulation administration was carried out by the same 
method as that used in Application Example 2. The calcium 
concentrations in the serum were measured before and after drug 
administration to evaluate the absorbability of calcitonin from 
the nasal mucous membrane. The serum calcium concentrations were 
measured using a Yatron [transliteration] calcium measurement 
kit. The results shown as the rate of reduction (%) in the serum 
calcium concentration from that before calcitonin powdered 
formulation administration are listed in Table I. The results 
shown in the table are mean values for 3 heads of domestic 
rabbits . 

Incidentally, as a reference, an almost neutral (ASU1.7)-eel 
calcitonin aqueous solution was also administered nasally in the 
amount of 6 MRC units/15 uL/kg. The results obtained are also 
shown in Table I. 

Table I: Rate of serum calcium concentration reduction 
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Key: 1 Powdered formulation 

2 Rate (%) of reduction of serum calcium concentration 
from that before drug administration 

3 Base material 

4 Amount of calcitonin administered 

5 1 h 

6 2 h 

7 4 h 

8 -6 h 

9 Formulation of this invention 

10 Crystalline cellulose (ASU1.7) 

11 -eel calcitonin, 6 MRC units/kg 

12 Salmon calcitonin, 6 MRC units/kg 

13 Reference 

14 Water 



Application Example 7 

To 400 mg of crystalline cellulose in a mortar, 10 mg of 
freeze-dried vasopressin (70-100 units/mg) were added and mixed 
thoroughly to obtain a uniform powdered composition. The powdered 
composition prepared was found to contain 1.4-2.0 units/mg of 
vasopressin. 

Suitable capsules were filled with the powdered composition 
prepared to obtain a human nasal administration formulation. 

Application Example 8 

To 990 mg of crystalline cellulose in a mortar, 10 mg of 
freeze-dried luteinizing hormone-releasing factor were added and 
mixed thoroughly to obtain a uniform powdered composition. The 
powdered composition prepared was found to contain 10 yL/mg of 
luteinizing hormone-releasing factor. Suitable capsules were 



filled with the powdered composition prepared to obtain a human 
nasal administration formulation. 

Application Example 9 

To 950 mg of crystalline cellulose in a mortar, 50 mg of 
freeze-dried interferon (100,000 units/mg) prepared with human 
serum albumin were added and mixed thoroughly to obtain a uniform 
powdered composition. The powdered composition prepared was found 
to contain 5,000 units/mg of interferon. Suitable capsules were 
filled with the powdered composition prepared to obtain a human 
nasal administration formulation. 

Application Example 10 

To 2,000 mg of crystalline cellulose in a mortar, [no number 
provided] mg of freeze-dried desmopressin acetate were added and 
mixed thoroughly to obtain a uniform powdered composition. The 
powdered composition prepared was found to contain 0.5 ug/mg of 
desmopressin acetate. Suitable capsules were filled with the 
powdered composition prepared to obtain a human nasal 
administration formulation . 

Application Example 11 

(i) To 90 mg of crystalline cellulose in a mortar, 10 mg of 
porcine insulin powder (26.3 units/mg) were added and mixed 
thoroughly to obtain a uniform powdered composition. The powdered 
composition prepared was found to have 2.63 units/mg of porcine 
insulin activity. 



(ii) The following compositions for comparison with the 
composition of this invention were prepared. 



(a) To 180 mg of lactose in a mortar, 20 mg of porcine 
insulin powder (26.3 units/mg) were added and mixed thoroughly to 
obtain a uniform powdered composition. The powdered composition 
prepared was found to have 2.63 units/mg of porcine insulin 
activity. 



(b) To 180 mg of hydroxypropylcellulose in a mortar, 20 mg 
of porcine insulin powder (26.3 units/mg) were added and mixed 
thoroughly to obtain a uniform powdered composition. The powdered 
composition prepared was found to have 2.63 units/mg of porcine 
insulin activity. 

Application Example 12 

(Nasal administration experiment for insulin powdered 
formulations using domestic rabbits) 

In the nasal cavity of male white indigenous domestic 
rabbits (body weight of 3.1-3.7 kg), the insulin powdered 
formulations prepared in Application Example 11 (i) and (ii) (a) 
and (b) were administered in the amount of 5 units/Kg; blood 
samples were collected from the ear vein of the rabbits 
3 0 min, 1 h, 2 h, and 4 h after drug administration and before 
drug administration. The blood samples collected were centrifuged 
at 2,800 rpm for 10 min to obtain serum samples. Incidentally, 
the powdered formulation administration was carried out in a 
slightly anesthetized state or normal state using a nasal sprayer 
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modified for animal application. The glucose concentration in the 
plasma was measured by a method using ortho-toluidine (Clinical 
Chemistry, 8, 215 (1962)). Table II shows the results as the 
hypoglycemia level (%) based on serum glucose level changes. 
Incidentally, the results shown are the mean values of 5 domestic 
rabbits. For comparison, insulin stock powder was suspended in 
water; a micropipette was used to carry out the nasal 
administration of 5 units/15 uL/kg, and the plasma. The results 
obtained are also shown in Table II. 

Table II: Serum glucose level changes 
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Key: 1 Powdered formulation 

2 Hypoglycemia level (%) 

3 Base material 

4 Insulin dose 

5 3 0 min 

6 1 h 
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7 
8 
9 



2 h 
4 h 

Formulation of this invention 



10 


Crystalline cellulose 


11 


Units /kg 


12 


Comparative formulation 


13 


Lactose 


14 


Hydroxypropylcellulose 


15 


Reference 


16 


Water 



Application Example 13 

(i) To 99.9 mg of crystalline cellulose in a mortar, 0 . 1 mg 
of salmon calcitonin (about 3,000 MRC units/mg) was added and 
mixed thoroughly to obtain a uniform powdered composition. The 
powdered composition prepared was found to contain about 3 MRC 
units/mg of salmon calcitonin. 

(ii) To 19.9 mg of hydroxypropylcellulose in a mortar, 0.1 
mg of salmon calcitonin (about 3,000 MRC units/mg) was added and 
mixed thoroughly to obtain a uniform powdered composition (I) . 
The powdered composition (II) [sic] prepared was found to contain 
about 15 MRC units/mg of salmon calcitonin. 

Subsequently, 10 mg of the powdered composition (I) and 40 
mg of crystalline cellulose were mixed thoroughly in a mortar to 
obtain a uniform powdered composition (II) . The powdered 
composition (II) prepared was found to contain about 3 MRC 
units/mg of salmon calcitonin. 



Application Example 14 

(Nasal administration experiment for calcitonin powdered 
formulations using domestic rabbits) 

In the nasal cavity of male white indigenous domestic 
rabbits (body weight of 2.5-3.0 kg), the calcitonin powdered 
formulations prepared in Application Example 13 (i) and (ii) were 
administered in the amount of 5 MRC units /kg; blood samples were 
collected from the ear vein of the rabbits 1 h, 2 h, 4 h and 6 h 
after drug administration and before drug administration. The 
powdered formulation administration was carried out by the same 
method as that used in Application Example 12. The calcium 
concentrations in the serum were measured before and after drug 
administration to evaluate the absorbability of calcitonin from 
the nasal mucous membrane. The serum calcium concentrations were 
measured using a Yatron calcium measurement kit. The results 
shown as the rate of reduction (%) in the serum calcium 
concentration from that before the calcitonin powdered 
formulation administration are listed in Table III. The results 
shown in the table are mean values for 4 heads of domestic 
rabbits . 

Incidentally, as a reference, a neutral salmon calcitonin 
aqueous solution was also administered nasally in the amount of 
about 5 MRC units/15 uL/kg. The results obtained are also shown 
in Table III. 



Table III: Rate of serum calcium concentration reduction 
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Key: 1 Powdered formulation 

2 Rate (%) of reduction of serum calcium concentration 

3 Base material 

4 Amount of calcitonin administered 

5 1 h 

6 2 h 

7 4 h 

8 6 h 

9 Formulation of this invention 

10 Crystalline cellulose 

11 Salmon calcitonin, 5 MRC units/Kg 

12 Hydroxypropylcellulose/crystalline cellulose 

13 Reference 

14 Water 
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Application Example 15 

To 2,000 mg of crystalline cellulose in a mortar, 0.5 mg of 
(ASUl.7)-eel calcitonin (4,000 MRC units/mg) or 1.0 mg of salmon 
calcitonin (2,000 MRC units/mg) was added and mixed thoroughly to 
obtain a uniform powdered composition. The powdered composition 
prepared was found to contain about 1 MRC unit/mg of (ASUl.7)-eel 
calcitonin or salmon calcitonin. 

Suitable capsules were filled with 10-50 mg of the 
composition using a capsule filler to obtain a human nasal 
administration formulation . 

Application Example 16 

In 50 mL of water, 199 mg of hydroxypropyl cellulose and 1 mg 
of salmon calcitonin (2,000 MRC units/mg) were dissolved. The 
solution prepared was freeze-dried to obtain a uniform powdered 
composition (I) of salmon calcitonin and hydroxypropylcellulose 
having an activity of 10 MRC units/mg. To 900 mg of crystalline 
cellulose in a mortar, 100 mg of powdered composition (I) were 
added and mixed thoroughly to obtain a uniform powdered 
composition (II) , 90% or more of the particles of which were 
found to have a particle size of 10-250 microns. The powdered 
composition (II) prepared was found to contain about 1 MRC 
unit/mg of salmon calcitonin. 
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Suitable capsules were filled with 10-50 mg of composition 
(II) using a capsule filler to obtain a human nasal 
administration formulation. 

Application Example 17 

To 499 mg of hydroxypropylcellulose in a mortar, 1 mg of 
(ASUl.7)-eel calcitonin (4,000 MRC units/mg) was added and mixed 
thoroughly to obtain a uniform powdered composition (I) . The 
powdered composition (I) prepared was found to contain about 8 
MRC units/mg of (ASU1.7)-eel calcitonin or salmon calcitonin. 

Subsequently, 200 mg of powdered composition (I) and 800 mg 
of crystalline cellulose were mixed thoroughly to obtain a 
uniform powdered composition (II) , 10% or more of the particles 
of which were found to have a particle size of 10-25 microns. The 
powdered composition (II) prepared was found to contain about 
1.6 MRC units/mg of (ASUl.7)-eel calcitonin or salmon calcitonin. 

Suitable capsules were filled with 10-50 mg of composition 
(II) using a capsule filler to obtain a human nasal 
administration formulation . 

Application Example 18 

To 1 g of crystalline cellulose, 1 mg of hemagglutinin, 
which is a Bordetella pertussis component, and 1 mg of detoxified 
pertussis toxin were added and mixed thoroughly to obtain a 
uniform powdered composition. The powdered composition prepared 
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was found to contain about 2 ug/mg of Bordetella pertussis 
component . 

Suitable capsules were filled with 10-25 mg of the 
composition using a capsule filler to obtain a human nasal 
administration formulation. 

Application Example 19 

To 800 mg of hydroxypropylcellulose in a mortar, 200 mg of /ll 
powder prepared by f reeze-drying influenza HA vaccine were added 
and mixed thoroughly to obtain a uniform powdered composition 

(I) . The powdered composition (I) prepared was found to contain 
200 ug/mg of influenza HA vaccine freeze-dried powder. 

Subsequently, 50 mg of powdered composition (I) and 950 mg 
of crystalline cellulose were mixed thoroughly to obtain a 
uniform powdered composition (II), 90% or more of the particles 
of which had a particle size of 10-150 microns. The powdered 
composition (II) prepared was found to contain 10 yg/mg of 
influenza HA vaccine freeze-dried powder. 

Suitable capsules were filled with 10-30 mg of composition 

(II) using a capsule filler to obtain a human nasal 
administration formulation. 

Application Example 20 



In 0.2 mL of purified water, 0.2 mg of salmon calcitonin 
(about 3,000 MRC units/mg) was dissolved; 400 mg of crystalline 



cellulose were added and kneaded thoroughly to obtain a uniform 
composition (I) wherein a salmon-calcitonin-dissolved solution 
was uniformly adsorbed by crystalline cellulose. The composition 

(I) prepared as described above was freeze-dried and sieved to 
obtain a uniform powdered composition (II), 90 wt% [sic;%] or 
more of the particles of which had a particle size of 25-149 
microns . 

The powdered composition (II) prepared was found to contain 
about 1.50 MRC units/mg of salmon calcitonin. 

Suitable capsules were filled with 10-50 mg of composition 

(II) using a capsule filler to obtain a human nasal 
administration formulation. 

Brief description of the figures 

Figure 1 shows the results of insulin absorption in relation 
to the hypoglycemia level in the case of nasal administration of 
the composition of this invention prepared using insulin as a 
polypeptide. Figure 2 shows the results of insulin absorption in 
relation to the serum insulin concentration in the case of nasal 
administration of the composition of this invention prepared 
using insulin. In Figure 1, (1) shows the results obtained using 
crystalline cellulose as a base material ( (a) in Application 
Example 1), (2) shows the results obtained using a freeze-dried 
product of insulin and sodium polyacrylate and crystalline 
cellulose ((b) in Application Example 1), (3) shows the results 
obtained using lactose as a base material ( (d) in Application 
Example 1), (4) shows the results obtained using 



hydroxypropylcelimose ((e) in Application Example 1), and the 
broken line shows the results of the control. In Figure 2 (l) 
shows the results obtained using crystalline cellulose as 'a bas 
materxal ((a) in Application Example 2), (2) shows the results 
obtaxned using lactose as a base material ( (b, in Application 
Example 3), (3) shows the results obtained using 
hydroxypropylcellulose ((c) in Application Example 3), and the 
broken line shows the results of the control. 
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Figure 1 
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Figure 2 
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